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An atomizer comprises a cylindrical mixing chamber with 
open entry and discharge ends. An inner barrel for a slurry or 
fluidlaed dry powder is connected to the entry end for supplying 
the slurry or fluidized fine powder into the mixing chamber. One 
or more atomizing gas ports extend at an angle into the miicing 
chamber for supplying atomizing gas to be thoroughly mixed with 
the slurry or fluidized dry powder in the mixing chamber. The 
atomizing gas ports are spaced upstream from the discharge end by 
from one to five times the diameter of the mixing chamber, and 
downstream from the entry end. A larger diameter volume chamber 
communicates with the discharge end of the mixing chamber and has 
at least one nozzle which permits the homogenized mixture to exit 
therefrom. An impact surface is positioned opposite the discharge 
end. The at least one nozzle is positioned around the impact 
surface. Critical dimensional and • positional features for the 
mixing and volume chambers, the atomizing gas ports, and the at 
least one nozzle produce efficient atomized sprays even at low 
flow velocities for the slurry or fluidized dry powder and the 
atomizing g^s. 
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O.S. Patent 3,623,669 to Woods teaches the oonfl«nc. of 
two £l„a .trea„e ,„a one ,ae etre.» into , .ha*e, for aiech" "e 

Bpraylng paints or chenicsls. 

Slurry can";'' ""^ '° " " ">at a 

slurry can be propelled by pressurized water and air, through a 

as being from one to ten feet long. 

Liquid fuel atomizers for atomizing fuel oil and the 
J P^oVo'n 3.650,476 to Rackley et al and 

3,929,290 to Tallarovlc, assigned to the same assignee as that of 
the present invention. 

tube vh- H^°''' °' teach the use of a central supply 

tube Which is supplied with one of the fluids to be combined by 

Which r."" '"'^ - tube 

Which defines an annular space with the central tube. This space 
conveys the other of the two fluids to be combined. Near the end 
ILT T ' ""''"^ '''''^'^ "^-^ two fluids are 

Apttu": s th^ "T T''^" ' 

atirr ' ^"^^^''^ P"^^'^* the exiting 

atomized spray. Neither of these references, however, teach the 
use of an elongated cylindrical mixing chamber where the two 
fluids are combined together at a critical distance from the cap. 
the « . ^" atomizers are known which have been used in 

the petrochemical industry to atomize pitch containing carbon 
particles up to 5/16 inch diameter utilizing a central mixing 
Chamber into which atomizing steam is injected. An example "f 
such an atomizer is shown in Fig. ia. 

A process involving the dry scrubbing of stack gases for 
the removal of sulphur dioxide requires atomizers for spraying a 
s urry of alkaline reactants into the stack gases. The assignee 
of the present application, having had considerable experience 
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on page 2 and rn Fig. 4 thereof) has successfully operated to 
prov.de superior atomi.ation while reducing pluggage potential. 
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enhancing the operation of the DSR units. 

In general, dual fluid atomizers can be sub-divided on 
the basis of location where the gas and liquid components are 
mixed together. An external mix dual fluid atomizer passes the 
gas and liquid streams through separate flow passages inside the 
atomizer. The two fluids are mixed together externally of the 
atomizer hardware by impinging jets of the two fluids against each 
other. An internal mix dual fluid atomizer mixes the fluids 
internally of the atomizer hardware and discharges them through a 
common flow passage. 

When a liquid which is ladened with suspended solid 
particles (a slurry) is to be atomized, the choice of atomizer is 
limited by practical constraints. These constraints include flow 
capacity, the required size of droplets in the atomized spray, the 
size of the flow passages to pass the particles in the slurry, 
the physical durability of the atomizer parts, the sensitivity of 
the quality of the atomized spray to component dimensional 
changes, and commercially acceptable energy requirements to 
produce the atomized spray. 

The atomizers disclosed in Rackley et al, and 
Tallarovic, identified above, are of the dual fluid internal mix 
type. These atomizer designs provide the finest droplets. They 
utilize a gaseous atomizing medium, such as air or steam, which is 
accelerated through a small diameter passage to establish a high 
velocity. The high velocity gas is mixed with the fluid, and the 
gas/fluid mixture is discharged through a flow passage as an 
atomized spray. The atomizer disclosed by Rackley et al is 
commonly referred to as the T-jet type. The slurry atomizers 
disclosed in the technical papers identified above, are commonly 
referred to as Y-jet atomizers. Slurry is sent through a central 
tube to a nozzle head having, diverging nozzle passages. Air or 
steam is sent through an annular chamber around the central tube 
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to entry ports in the nozzle passages positioned just downstream 
Of the passage entry for the slurry. Up until now, the largest 
discharge port size that has been successfully tested is in the 
range of 0.1935 inches in diameter while the most consistent per- 
formance utilizes port sizes of only 0.1540 inches in diameter. 

This limitation on port sizes lead to clogging problems. 
Atomization was poor in general and the wear rates were excessive, 
due to the highly abrasive properties of the slurry. 

In response to these problems, the present inventors had 
designed an atomizer using discharge nozzles attached by a nine or 
ten foot barrel to a dual fluid mixing chamber, located at the 
opposite end. Problems in this design were also noted in the 
field, however. In particular, atomization was poor due to an in- 
advertent separation of the slurry. The slurry apparently became 
separated during its passage along the barrel from the rear mixing 
chamber to the nozzles located at the opposite end. The upwardly 
pointed nozzles produced extremely fine spray droplet sizes while 
the downwardly pointing nozzles had large droplet sizes which were 
unacceptable. since droplet size is extremely important in dry 
scrubbing applications, and the desired droplet size is extremely 
small, in the range of 75 - 80 micrometers (75 - 80 millionths of a 
meter) mass median diameter or better, an atomizer design which had 
high capacity, fine atomization, and low energy requirements was 
needed. 

The present invention comprises a dual fluid atomizer which 
produces efficient and consistent atomized sprays, is not suscept- 
ible to pluggage, and has an acceptable wear life. 

This invention provides an atomizer for mixing together and 
atomizing at least two fluids. The atomizer comprises a mixing 
Chamber housing defining a mixing chamber with an open entry end 
and an open discharge end. The mixing chamber has an axis and an 
inside diameter. One of the fluids is supplied to the entry end 
and the mixing chamber housing has at least one entry port for 
admitting the other fluid into the mixing chamber. The entry port 
extends toward the axis of the mixing chamber at an angle and is 
spaced upstream from the discharge end and downstream of the entry 
end with respect to a flow of the first fluid along the axis. The 
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atomzer further comprises a first ,„eans defining a volun.e chamber 
co»»u„acating with the discharge end of the fixing chamber. The 
volume Chamber has a diameter which is larger than the inside 
dxameter Of the mixing chamber and the discharge end of the mixing 
Chamber xs adjacent to the volume chamber. A second means defining 
ll^lT T ^--i"^ entry end communicating 

with the volume chamber is disposed outside a periphery of the mix- 
ing Chamber discharge end. The entry end of the at least one nozzle 
has a center point lying outboard of a circle centered on the axis 
and the diameter of the circle is larger than the sum of the inside 
diameter of the mixing chamber and the inside diameter of the at 
least one nozzle, whereby the first and second fluids are mixed to- 
gether in the mixing chamber to form a thoroughly homogenized mix- 
ture. The mixture passes into the volume chamber and is impacted 
against a wall of the second means from which the mixture exits and 
Is atomized through the at least one nozzle. The wall is spaced 
from the discharge end by an amount equal to about one to three 
times the inside diameter of the mixing chamber. 

The invention also provides an atomizer comprising a housing 
defining a cylindrical mixing chamber having an inside diameter an 
open entry end for a slurry or fluidized dry powder, and an open 
discharge end. The housing has a plurality of ports extending at 
an angle of 45 degrees with respect to an axis of the mixing cham- 
ber into the mixing chamber. The ports are spaced upstream of the 
discharge end by from one to five times the inside diameter of the 
»ixing chamber and are spaced downstream of the entry end. A spray 
head engaged around the discharge end and partially defining a 
volume Chamber communicates with the discharge end, and an end cap 
engaged over the spray head is provided for enclosing the volume 

Tt ^Z\J """^ ' ^'"'"''"^ ^^^"'^^"^ ^oug^ 

it with the nozzles communicating with the volume chamber. The end 

cap also has an impact surface around which the nozzles are distri- 
buted With the impact surface being spaced from the discharge end 
by at least one mixing chamber diameter. Furthermore, the impact 
surface extends substantially perpendicular to the axis of the mix- 
ing chamber. 

The atomizer of the present invention is of the dual fluid 
type, one unique characteristic of the invention is in the 



use of large size flow passages and in their arrangement. The 
large passageways allow the utilization of low fluid velocities, 
thus reducing pressure requirements. This also allows the passage 
of grit particles without clogging and at the same time produces 
fine atomization of the liquid fraction. The dual fluid atomizer 
of the present invention can be described as a 3-phase atomizer in 
that a gas, a liquid and a solid can pass through concurrently. 
The invention produces a fine mist of liquid and a uniform 
distribution of solid particles, or in cases where liquid is not 
utilized, (such as a powder fluidized in a gas) the invention 
produces a fine and uniform distribution of powder particles. The 
use of low velocities also reduces wear by minimizing erosion. 
High velocities are utilized only at the exit ports of the nozzles 
where the atomized spray is formed. 

Critical dimensional and positional parameters are 
observed to provide maximum efficiency in the formation of the 
atomized spray, while minimizing wear and tendency for pluggage. 

Accordingly, one aspect of the present invention is to 
provide an atomizer which has the same or larger slurry capacity 
than prior art atomizers, while using atomization gas and fluid 
flows at lower supply pressures. The inventive atomizer still 
provides quality atomization despite the savings in energy and 
wear. Larger flow areas are utilized to reduce the velocities 
inside the atomizer and thus reduce unrecoverable pressure loss. 

These advantages are commercially significant since they 
provide higher capacity ranges at lower energy and lower 
maintenance costs. Cleaning and inspection is required less 
frequently for the present invention since the inventive atomizer 
is not susceptible to clogging and pluggage. This is because of 
the lack of tortuous flowpaths inside the atomizer and the use of 
large flow areas as indicated above. 
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Quality atoinization is achieved with 30-80 psi atomizing 
gas pressure (compressed air or steam) and 10-60 psi fluid 
pressure. This permits the use of lower power compressors and 
pumps, representing another savings. 

The fact that higher capacities can be achieved with the 
inventive atomizer means that fewer atomizers are required for a 
given process. This is particularly useful in dry scrubbers where 
fewer atomizers represent an additional cost savings both in 
hardware and maintenance. 



In the drawings: 

Figure 1 is an axial sectional view showing the head and 
nozzle area of a prior art y-jet type atomizer; 

Figure lA is an axial sectional view showing the head 
and nozzle area of a second type of prior art atomizer. 

Figure 2 is an axial sectional view of the atomizer in 
accordance with the present invention; 

Figure 3 is an enlarged sectional view showing the head 
and nozzle area of the inventive atomizer; 

Figure 4 is a graph showing atomization pressure versus 
flow for the present invention and two prior art atomizers; and 

Figure 5 is a graph showing mass median diameter of the 
atomized droplets (micrometers) versus air-to-water flow ratio for 
the present Invention and two prior art atomizers. 



Referring to Figs. 2 and 3 in particular, the invention 
embodied therein comprises an atomizer which is particularly 



_1288121C_I_> 



1288121 

- 9 - 

suited for atomizing a slurry of liquid borne particles, or a 
fluid of gas borne dry powder particles, with an atomizing gas 
such as air or steam. 

A prior art atomizer known as the Y-jet atomizer is 
shown schematically in Fig. 1. This atomizer comprises an inner 
barrel 50 for conveying a flow 52 of slurry to a plurality of 
atomizing nozzles 53. The atomizing gas such as air or steam 
shown at 54, flows in an annular passage 55 defined between the 
inner barrel 50 and an outer barrel 56. The atomizing air is 
supplied through angled air passages 57 into the base of the 
nozzles 53. 

For efficient atomization, an upper limit for the inside 
diameter of nozzles 53 in this prior art atomizer has been found 
to be about 0.1935 inches, which is equivalent to a #10 twist 
drill size. This relatively small diameter, in addition to the 
even smaller diameter for the air passages 57, makes the Y-jet 
atomizer quite susceptible to clogging and pluggage when a slurry 
is involved. High velocities are used to obtain proper 
atomization, however, high velocities means that the internal 
parts of the atomizer are especially susceptible to wear. One 
measure which was taken to locally reduce wear was to line the 
nozzle 53 with wear resistant inserts 58. This however, does not 
solve the clogging problem nor does it in any way reduce the 
energy requirements for the prior art atomizer. 

It is noted that, in practice, the atomizer of Fig. 1 is 
actually made of multiple parts which are threaded together rather 
than the single part shown. 

Returning now to Fig. 2, the atomizer of the present 
invention comprises an end cap 1 which carries a plurality of 
discharge nozzles 24, each having a wear resistant insert or liner 
4 which is retained by a threaded retainer 3, threaded into the 
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end cap 1. The interior of the end cap 1 is hollowed to partially 
form a volmne chamber 28 which is bounded at its sides by a 
sprayer head 2. 

End cap 1 also carries a wear resistant pad 5. 
A mixing chamber housing 7 is threaded into the sprayer 
head 2 and defines an interior cylindrical mixing chamber 30 which 
is lined by a wear sleeve or insert 6. Chamber 30 has opposite 
open ends. The left hand end communicates with the open end of an 
inner barrel 17 which carries slurry or fluidized dry powder into 
chamber 30. The opposite right hand end of chamber 30 
communicates with the volume chamber 28. 

The nozzle inserts 4, the wear pad 5, and the wear 
sleeve 6 are advantageously made of wear resistant materials, such 
as ceramics or hardened steel. Silicon carbide is an example of 
one such ceramic material, it should be noted however, that the 
selection of the particular material <i.e. hardened steel alloys 
or ceramics) for any of the wear resistant elements (4,5, and 6) 
is based entirely on its intended use and application. 

To reduce manufacturing costs the wear resistant 
elements 4, 5, and 6, if made of ceramic materials, may be 
advantageously coated with a castable material such as rubber, to 
ease manufacturing tolerances and machining requirements as 
needed. Typical as-manufactured tolerances for ceramic wear 
materials generally are in the range of ± 1/32 inches. Those 
rubber coated, wear resistant surfaces in direct contact with the 
homogenized slurry will have their rubber coatings quickly removed 
when the atomizer is in use. 

Atomizing gas ports 22 extend through housing 7 and wear 
sleeve 6 into chamber 30. Advantageously, four evenly distributed 
gas ports 22 are utilized around the circumference of the wear 
sleeve 6. An adapter coupling 8 surrounds and is spaced outwardly 
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from the mixing chamber housing 7 to define an annular space for 
the flow of atomizing gas, such as air or steam. Adapter coupling 
8 is threaded into end cap 1 and has a shoulder for retaining head 
2 against an inner surface of end cap 1. 

The opposite end of adapter coupling 8 is threaded onto 
an outer barrel 11. A lock nut 9 fixes the position of adapter 
coupling 8 on outer barrel 11. A split ring collar 10 -extends 
around outer barrel 11 and is used for supporting the outer end of 
the atomizer. 

The inner end of the atomizer (to the left in Fig. 2), 
comprises an atomizer body 15 which has passages therein for the 
slurry (or fluidized dry powder) and for the atomizing gas. 

Atomising gas is admitted through entrance port 32 into 
the atomizer body 15 and the slurry or fluidized dry powder is 
admitted through entrance port 34 into the atomizer body 15. 

An axial passage through the atomizer body 15 is closed 
at the left by a pipe plug 16 and has threads at the right for 
receiving one threaded end of the inner barrel 17. The opposite 
threaded end of the barrel 17 is threaded into mixing chamber 
housing 7. 

An annular gas passage 26 communicates with port 32 and 
is defined between inner and outer barrels 17, 11 respectively. 

Outer barrel 11 is held in a receiving bore of atomizer 
body 15 by mechanical packing 14 which is compressed by a follower 
ring 13 and a packing gland 12 threaded into the open end of the 
atomizer body 15. 

The flow passages, ports and nozzles of the present 
invention have relatively large flow areas. In particular, nozzle 
24 inside diameters of 1/2 inch have been used successfully while 
still achieving good atomization. Slurry or fluidized dry powder, 
at relatively low velocities, is supplied to port 34, through 
inner barrel 17 and into the inlet end of chamber 30. Here, the 
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slurry or fluidized dry powder is homogenized with the atomizing 
gas supplied through ports 22, from annular passage 26 and port 
32. 

The homogenized mixture of atomizing gas and slurry (or 
fluidized dry powder) moves axially through cylindrical chamber 30 
and impacts against wear pad 5. The homogenized mixture then 
passes through discharge nozzles 24 and is subjected to rapid 
expansion which produces a fine droplet/particle atomization. 

Oversized particles that are contained in the slurry for 
whatever reason, can flow easily through the relatively large 
atomizing nozzles 24 without obstruction. Despite this, the 
liquid fraction is finely atomized into small particles which are 
typical of the dual fluid Y-jet atomizer. In actual tests, 
nozzles 24 having inside diameters of 1/2 inch (over 6 1/2 times 
larger than prior art nozzles) have successfully produced atomized 
sprays of high quality. 

Poor atomization due to clogging is virtually eliminated 
by the unique arrangement of the atomizing gas ports 22 that all 
communicate with the mixing chamber 30, and by the single large 
open end of the mixing chamber inlet end allowing for an 
un-restricted flow path for the slurry. The atomizing gas ports 
22 are sized such that gas velocity is well below sonic velocity 
(that velocity at which the sound waves restrict the gas flow) . 
Should any atomizing gas port 22 become clogged the atomizing gas 
will redistribute through the remaining gas ports 22 allowing the 
homogenized mixture in the mixing chamber 30 to maintain proper 
proportions of fluid and gas for all of the mixture. 

In the present invention, high velocity jets of 
atomizing gas are not required for staged atomization in order to 
ultimately achieve high capacity, fine atomization of the fluid. 
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It has been discovered that the requirement of the initial mixing 
is to develop a uniform and thoroughly homogenous fluid from which 
fine atomization is achieved by rapid expansion across the 
discharge noz2les. Further, once the two fluids are thoroughly, 
uniformly and homogenously mixed, it is important not to allow 
separation to occur, nor to allow stagnant volumes which allow 
phase separation by gravity. 

For the present invention to operate properly, however, 
certain critical dimensional relationships should be observed. 

Turning to Fig. 3, the cylindrical mixing chamber 30 
should have a discharge end 31 which is adjacent to the volume 
chamber 28. This is shown at dimension A in Fig. 3. A value of A 
■ 0.25 inches, chosen solely to facilitate the mechanical design, 
has been shown to be acceptable. The surface of the wear pad 5 
preferably extends substantially perpendicular to the axis 40 of 
chamber 30 (which is also the direction of flow for the resulting 
homogenized mixture) . 

The distance between discharge opening 31 and the 
striking surface of wear pad 5 should be from one to three times 
the inside diameter of mixing chamber 30. This inside diameter is 
shown at D in Fig. 3. 

The atomizing gas ports 22 are located such that 
detrimental phase separation of the homogeneous mixture does not 
occur prior to discharge from the chamber 30 into the volume 
chamber 28. Acceptable results can be achieved when the atomizing 
gas ports 22 are positioned from one to five times D upstream of 
the discharge end 31 of chamber 30. Ports 22 can either be one or 
more holes as shown (and preferably 4 holes) or may be in the form 
of one or more openings or flow passages into chamber 30. 

The angle B which the axis of ports 22 make with the 
axis 40 of chamber 30, can range from 10 degrees to 170 degrees. 
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The shape of the sprayer head 2 is also important. The 
inside surface of sprayer head 2 which partially defines chamber 
28 (and is shown as being conical in Fig. 3) should intersect the 
inside surface of end cap 1 at a tangential circle 36 which 
encompasses the outside edge of the inlet openings 25 for nozzles 
24. This circle of intersection 36 must be within 0.25 inches of 
the outer edge of the inlet openings 25, however, to prevent local 
segregation of the mixture which can result in poor atomization. 

The mating tapered outside surfaces of head 2 and cap 1 
which are shown at 38 in Fig. 3, should be accurate to within il/2 
degree to seal the end cap 1 to the sprayer head 2. 

The volume chamber 28 is further limited in diameter to 
minimize stagnant zones which lead to phase separation of the 
homogenized mixture. The radius of chamber 28 from axis 40 to an 
outermost region of the chamber should be no greater than two D. 
D again is the inside diameter of cylindrical chamber 30. 

By observing some or all of the foregoing critical 
features, improved atomization is achieved over the prior art 
atomizers. 

Fig. 4 shows test results where all of the critical 
features were met for the atomizer according to the present 
invention. Pig. 4 is a graph relating the atomization pressures 
to flow and shows the results of the present invention by circles. 
Two versions of a Y-jet atomizer (designated MK34 and MK20) are 
also shown at points designated with triangles and squares 
respectively . 

The prior art designs require an atomizing gas supply 
pressure of 110 or 125 psi., while the present invention requires 
only 80 psi. This represents a reduction of 30 or 45 psi. Also, 
at a flow rate of 7,200 lbs/hour, the fluid supply pressure is 95 
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or 104 psi. in the prior art. According to the present invention, 
only 60 psi. is needed, at this flow rate, a reduction of 30 or 44 
psi . 

According to the present invention, an atomizing gas 
pressure drop of only about 20 to 25 psi is produced across the 
cylindrical chamber 30. The balance of the pressure drop is 
"saved" so that it can be used at the nozzles 24 to insure good 
atomization. A pressure drop of only about 55 psi is utilized 
across the nozzles 24. This relatively low loss of pressure 
represents an energy savings. This is significant in view of the 
fact that the quality of the atomized spray is retained or even 
exceeded with respect to the prior art, as is shown in rig. 5. In 
addition, and with further reference to Figure 5, the invention 
achieves the same or better atomization (as measured by mass 
median diameter of the droplets) at the same gas to liquid ratio 
(pound per pound) which represents an important energy savings. 

It is noted that the supply of atomizing gas and slurry 
(or fluidized dry powder) can be reversed to ports 32 and 34 if 
desired. The wear elements 4, 5 and 6 can also be made as one 
part with the end cap, and housing structures. 

The present invention thoroughly mixes the two fluids to 
achieve a homogenized mixture utilizing low pressure drop (and 
consequently lower energy requirements) and maintains a 
homogenized mixture throughout the atomizing process. This is in 
contrast to other prior art atomizing assemblies such as the Y-Jet 
or T-Jet. 

In both the Y-Jet and T-Jet designs, high velocities in 
the mixing region were used for the first stage atomization of the 
two fluids, which, for a given capacity, required a plurality of 
small ports. As was previously indicated, problems with pluggage 
and capacity were encountered. As port size was increased to 
overcc»ne these problems, the thoroughness of mixing of the two 
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fluids deteriorated, resulting in poor atomization quality and 
uniformity. 

It has been found that good henogenization is a 
prerequisite for good atomization. The present invention is 
successful in achieving thorough homogenization at lower 
velocities and pressure drop than the prior art assemblies, due to 
the unique geometrical configuration of the apparatus. Further, 
since the present invention can achieve thorough mixing at low 
velocities and still achieve high capacities, the invention is 
relatively insensitive to dimensional variations due to 
manufacturing tolerances or wear. 

While a specific embodiment of the invention has been 
shown and described in detail to describe the application of the 
principles of the invention, it will be understood that the 
invention may be embodied otherwise without departing from such 
principles. For example, several rows of nozzles 24 can be placed 
in the sprayer head 2, arranged in a symmetrical or asymmetrical 
pattern. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCUJSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. An atomizer for mixing together and atomizing at 

least two fluids, comprising: 

a mixing chamber housing defining a mixing 
chamber with an open entry end and an open discharge end, 
said mixing chamber having an axis and an inside 
diameter, one of the fluids being supplied to said entry 
end, said mixing chamber housing having at least one 
entry port for admitting the other fluid into said mixing 
chamber, said entar/ port extending toward said axis of 
said mixing chamber at an angle and being spaced upstream 
from said discharge end and downstream of said entry end 
with respect to a flow of the first fluid along said 
axis; 

a volume chamber communicating with and adjacent 
to said discharge end of said mixing chamber, said volume 
chamber having a diameter which is larger than said 
mixing chamber inside diameter, said volume chamber being 
defined by a spray head engaged around said discharge end 
of said mixing chamber and having a conical inner surface 
defining part of said volume chamber, and an end cap 
having a conical recess therein defining another part of 
said volume chamber and engaged over said spray head and 
having at least one atomizing nozzle having an entry end 
communicating with said volume chamber and being disposed 
outside a periphery of said mixing chamber discharge end, 
said entry end of said at least one nozzle having a 
center point lying outboard of a circle centered on said 
axis, the diameter of said circle being larger than the 
sum of said mixing chamber inside diameter, plus the 
inside diameter of said at least one nozzle, said spray 
head conical inside surface intersecting the inside 
surface of said end cap at a tangential circle which 
encompasses the outside edge of the entry end of said at 
least one nozzle by a tolerance of up to 0.25 inches; and 
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whereby the first and second fluids are mixed 
together in said mixing chamber to form a thoroughly 
homogenized mixture, the mixture passing into said volume 
chamber and being impacted against an impact surface 
defined on said end cap in said recess extending 
substantially perpendicular with respect to said axis, 
said impact surface being on a side of said volxime 
chamber opposite said discharge end of said mixing 
chamber, and is atomized through said at least one 
nozzle, said impact surface being spaced from said 
discharge end by an eunount equal to about one to three 
times the inside dieuneter of said mixing chamber. 

2. An atomizer according to claim 1 wherein the 
angle at which said at least one entry port extends 
towards the axis of the mixing chamber is from 10 to 170 
degrees . 

3. An atomizer according to claim 2 wherein said at 
least one entry port is spaced upstream from said 
dischazrge end of said mixing chamber at a distance 
sufficient to prevent detrimental phase separation of the 
homogenized mixture constituents. 

4. An atomizer according to claim 1 including a wear 
pad connected to said end cap and carrying said impact 
surface. 

5. An atomizer according to claim 1 including a wear 
insert lining said at least one nozzle. 

6. An atomizer according to claim 1 including an 
inner barrel for conveying one of the fluids connected to 
said entry end of said mixing chamber, and an outer 
barrel connected to said mixing chamber housing and 
defining an annular space with said inner barrel for 
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conveying the other fluid, said annular space 
communicating with said at least one entry port for 
supplying the other fluid into said mixing chamber. 

7. An atomizer according to claim 1 wherein said 
spray head and said end cap have tapering mating surfaces 
which match each other to within ±h of a degree to seal 
said end cap to said spray head to close said volume 
chamber. 

8. An atomizer according to claim 1 including from 
one to four entry ports extending into said mixing 
chamber, the size of said entry ports being selected to 
establish a flow velocity of the atomizing fluid through 
said entry ports within the range of 100 to 500 ft/sec, 
said entry end of said mixing chamber having a diameter 
selected to permit a flow velocity of the other fluid of 
from 0.5 to 29.5 ft/sec, said mixing chamber being 
cylindrical and said inside diameter of said mixing 
chamber being selected so that a homogenized mixture of 
the two fluids moves through said mixing chamber at a 
velocity of about 100 to 300 ft/sec. 

9. An atomizer according to claim l wherein said at 
least one entry port is spaced upstream from said 
discharge end of said mixing chamber by from one to five 
times the inside diameter of said mixing chamber. 

10. An atomizer comprising: a housing defining a 
cylindrical mixing chamber having an inside diameter, an 
open entry end for a slurry or fluidized dry powder, and 
an open discharge end, said housing having a plurality of 
ports extending at an angle of 45 degrees with respect to 
an axis of said mixing chamber into said mixing chamber, 
said ports being spaced upstream of said discharge end by 
from one to five times the inside diameter of said mixing 
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chamber and being spaced downstream of said entry end, a 
spray head engaged around said discharge end and having a 
conical inner surface partially defining a volume chamber 
having a diameter which is larger than said nixing 
chamber diameter communicating with said discharge end, 
and an end cap having a conical recess therein engaged 
over said spray head for enclosing said volume chamber, 
said cap having a plurality of nozzles extending 
therethrough, said nozzles communicating with said volume 
chamber, said end cap having an impact surface around 
which said nozzles are distributed, said impact surface 
being spaced from said discharge end by at least one 
mixing chamber diameter and extending substantially 
perpendicular to said axis of said mixing chamber, 
wherein each of said nozzles has an entry end with a 
center, said centers of said nozzles lying outboard of a 
circle having a diameter at least equal to the inside 
diameter of said mixing chamber, plus an inside diameter 
of one of said nozzles; and wherein said spray head 
conical inner surface has a tangential circle of 
intersection with said end cap recess, which at least 
encompasses outer edges of said entry ends of said 
nozzles. 
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